Monitoring the settlement of high-fill subgrade plays a significant role in maintaining the service quality of highways. To investigate the postconstruction settlement of high-fill subgrade under gravity stress and vehicle loads, in situ monitoring was carried out on the Lanzhou-Yongjing highway. Single-point settlement meters were buried in various depths under the driveway and road shoulder. e evolution of settlement with time and space was analyzed. e results show that the settlement of the road shoulder is greater than that of the driveway; the settlement of the subgrade increases with time and tends to be stable after 1 year; the vehicle loads have no big effect on the settlement of the subgrade; the exponential model can be adopted to predict the settlement of the Lanzhou-Yongjing highway accurately.
Introduction
High subgrade more than 4 m is commonly adopted in China [1] , usually leading to big subgrade settlement. Severe settlements of the subgrade will cause many engineering problems, such as subgrade failure and pavement cracks (e.g., [2] [3] [4] ).
erefore, the monitoring of the subgrade settlement is of great significance to ensure the safety and stability of the subgrade. Extensive researches have been conducted to investigate the settlement of the high-fill subgrade by in situ monitoring or theoretical analysis. e evolution of the settlement has been grossly investigated (e.g., [5] [6] [7] [8] [9] [10] ), while prediction models have also been developed for capturing the development of the subgrade settlement (e.g., [11] [12] [13] ). However, each study is based on their own soil type so that the availability settlement prediction model may be limited, as the heterogeneous filed sediments consist of various soil types interlayered at random [14, 15] . Although Terzaghi's conventional linear onedimensional model [16] can be adopted to predict the ultimate primary consolidation settlement for the foundation, the in situ consolidation is a three-dimensional problem with varying coefficients of consolidation [15, 17] . In addition, the unsaturated state of the subgrade will pose more difficulties for accurate settlement prediction of the subgrade [18] . is study is to investigate the evolution of the subgrade settlement of the Lanzhou-Yongjing highway (Figure 1) , for a better understanding of the deformation characteristics of the high-fill subgrade. Single-point settlement meters were used for the long-term monitoring of the postconstruction subgrade settlement. Moreover, the prediction models were also proposed based on the measured settlement data.
In Situ Monitoring

Site Condition.
For the Lanzhou-Yongjing highway, the section from 24 + 160 km to 25 + 838 km was with high-fill subgrade.
e settlement meters were set up from 24 + 400 km to 24 + 405 km, which were semifilling and semiexcavating subgrades (Figure 2(a) ). On the right side of the subgrade, a steep slope was there while flood drainage was on the left side of the subgrade. e materials excavated from the slope were used to fill the subgrade. e maximum filling height of this section was 18.3 m. From 0-12.3 m height, the subgrade was filled with loess. From 12.3-16.1 m height, it was filled with a sandy pebble. From 16.1-18.3 m height, it was filled with gravel. e physical and mechanical properties of the subsoils are shown in Table 1 .
Settlement Monitoring.
Single-point settlement meters were adopted to monitor the long-term settlement of the subgrade.
e measurement range of the single-point settlement meter is 200 mm while its sensitivity is e layout of settlement meters is shown in Figure 2 . It can be seen that, for both the road shoulder and driveway, 6 layers of settlement meters were embedded. e embedment depth is reflected in Figure 2 e schematic diagram of the single-point settlement meter is shown in Figure 3 .
e settlement meter consists of a settlement plate, an electrical displacement sensor, a measuring rod, a metallic hose, an anchor head, an extension bar, and a bottom anchor head. As the ground settles with the placement of fill, the settlement plate moves downward.
e inductance of the coils of an electrical displacement sensor changes according to the motion of the settlement plate. en, the variation of inductance is reflected by a frequency signal to a data logger. Figure 4 illustrates the setup process of single-point settlement meters. Figure 4 (a) shows the boreholes with a diameter between 90 mm and 127 mm driven to the design depth for the setup of single-point settlement meter. In Figure 4 (b), the bottom anchor was connected with the extension bar, and then cement slurry was poured into the ground through the PVC tube. Figure 4 (c) states the process of connecting other extension bars until it reaches the designed depth for the embedment of the settlement plate. In Figure 4 (d), sand was adopted for backfilling the hole, and the settlement plate was fixed. Figure 4 (e) shows the automatic data collection system connecting with the single-point settlement meters, which could collect the settlement data by the CMNET wireless transmission network [19] . And the settlement data can be saved automatically once every 5 days.
Test Results and Analysis
Test Results.
e variation of a settlement with time for different depths of the road shoulder is shown in Figure 5 , while the variation of a settlement with time for different depths of the driveway can be found in Figure 6 . It can be seen from Figure 5 that the settlement of the subgrade tends to be stable after around one year. For various layers of the subgrade, the top part of the subgrade shows a bigger settlement, and the maximum settlement can be observed on the top of the subgrade. is is due to that the subgrade itself has some amount of compression under the self-weight. e Lanzhou-Yongjing highway was operated for traffic from 1 Oct 2015, but no significant growth of settlement can be identified after that time. is is due to that the LanzhouYongjing highway was mainly built for the tourism service, and the traffic load was small without heavy vehicles. From December 2015 to February 2016, no settlement had been observed in the subgrade. However, the subgrade heave up to 3 mm was detected. It is because this area belongs to the seasonally frozen soil region, and the frozen soil during winter Advances in Civil Engineeringleads to the ground heave [20] . By comparing Figures 5 and 6 , it can be identified that the settlement of the road shoulder is larger than that of the driveway. It is because the lateral restraint of the driveway is larger than that of the road shoulder. e traffic loading of the driveway is about three times than the overtaking lane. e road shoulder is only used to parking temporarily. According to the monitoring data for 26 months, the maximum settlement of the road shoulder on top of the subgrade is 53.86 mm, while the maximum settlement of the driveway is 38.52 mm. Larger settlement of the road shoulder can be attributed to the horizontal movement of the slope of the subgrade, which may be caused by the vehicle load (e.g., [21, 22] ). is finding is very important as the differential settlement may lead to cracks in the pavement.
Prediction Model for Subgrade
Settlement. According to [22] , the prediction methods for subgrade settlement can be characterized into three categories. e first is a theoretical method based on Terzaghi's one-dimensional consolidation theory. e secondary type of prediction is numerical analysis by adopting Biot's consolidation theory [23] and the soil constitutive model. e third one is to develop the relationship between settlement and time according to the measured data by curve fitting, which is adopted in this study. Hyperbolic, logarithmic, power, and exponential functions were used as the prediction models for the variation of settlement with time for both road shoulder and driveway, as shown in Figures 7 and 8 . In the prediction models, S t is the predicted settlement (in mm) while t is the time (in day); a, b, and c are the fitting parameters. For the hyperbolic model, the following type of the formula was adopted:
For the logarithmic model, it is in the form of
e power function is shown as
e exponential function is
It can be seen in Figures 7 and 8 that these four functions can give a reasonable prediction of the subgrade settlement, for both road shoulder and driveway. Among these four models for the road shoulder, the exponential function can give the best prediction of the subgrade settlement, with a correlation coefficient R 2 more than 0.977 for each depth of the subgrade. In terms of the driveway, both power function and exponential function show the precise prediction for the subgrade settlement.
In addition, if the settlement for each time point is divided by the settlement of 400 days, the normalized settlement curves can be found in Figure 9 . It can be identified that, for both road shoulder and driveway, the normalized settlement for various depths falls in a narrow band. e exponential function can still be available as the prediction model for the normalized settlement. With the correlation coefficient higher than 0.97, the fitting models for the normalized settlement of road shoulder and driveway are S t S 400 � 1.25656 − 1.23861e
where S t /S 400 is the normalized settlement which equals to the measured settlement at any time point divided by the settlement of 400 days, while t is the time (in days).
Conclusion
e settlement of the subgrade gradually increases with time up to two years, but most of the settlements would finish within one year. e increment rate of the settlement decreases with time.
e settlement of the road shoulder is greater than that of the driveway. Hyperbolic, logarithmic, power, and exponential functions can be adopted to predict the subgrade settlement. And exponential function shows the very accurate prediction for the subgrade settlement in both road shoulder and driveway.
e normalized settlement can also be predicted well by the exponential function.
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